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2,764,091 
‘PIEZOELECTRIC FUSE 
Colin M. Hudson, Greenville, S. C., and Leslie A. Skinner, 
“Berkeley, Calif., assignors to the United States of 
America as represented by the ‘Secretary of War 


Application April.27, 1945, Serial No. 590,572 
8 Claims. (Cl. 102—70.2) 
‘(Granted ‘under Title 35,'U. S.:Code:(1952),:see. 266) 


The invention described herein-may be. manufactured 
-and'used by or for the ‘Government. for-governmental pur- 
‘Poses, without. the payment to us- of any royalty ‘thereon. 

This invention relates to detonator fuses: for projectiles, 
and more ‘particularly to a-.detonator -fuse ‘actuated re- 
‘motely from. the point:of. impact-of the projectile. 
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Amain object of this: invention-is-to provide.a: detona- _ 


itor fuse actuated remotely from: the.point ‘ofsimpact-of the 
‘projectile wherein the: time-lag-between impact:of the :for- 
‘ward ;portion-of the projectile with the -targetand the 
detonation of the charge carried by the : projectile «is re- 
‘duced to:a-minimum. T . 

A-further object-of this:invention-is to-provide a detona- 
itor fuse actuated -by the-voltage. generated across the: faces 
‘Of -a piezo-electric element resulting -from ‘the -stresses 
-generated in- the :piezo-electric element -due -to impact -of 
the projectile with its target, l ; . 

-Further objects,of -this invention will -appear -from ‘the 
following description and claims, and from the accom- 
panying drawings, wherein:. _ ; RES 

Figure “lis a ‘longitudinal ‘cross-sectional view of the 
forward and‘rear:portions. of:aiprojectile ‘provided with a 

‘piezo-electric: detonator fuse according.to this invention. 
. Figure 2 isra detail view taken. on-line 2—2 of:Figure 1. 

In projectiles of the armor-piercing type, it is very desir- 
able to detonate the charge while‘the main body portion of 
the projectile-is. still a short distance-in:front of the’tatget. 
‘This feature‘ is essential in order :to “properly direct the 

fOrée of the explosion of the charge‘in:sich a“tiiantier as 
fo’ obtain ‘the desired -penetrating: effect.. ree 

The above desired timing of detonation has heretofore 
been attempted by the employment of a mechanical trig- 
gering device located at the nose of the projectile con- 
nected to a base-mounted detonator by mechanical means, 
or by inertia-actuated means actuated by acceleration 
derived from impact. In the various mechanical meth- 
ods which have been employed, the time required for 
detonation after contact of the nose of the projectile with 
the target has been substantial with respect to the time re- 
quired for the projectile to lose its momentum after im- 
pact, and therefore the triggering action has not been 
altogether satisfactory in these methods for properly tim- 
ing the detonation. 

In the structure of this invention a piezo-electric ele- 
ment is employed as the triggering device, and inasmuch 
as the piezo-electric effect is practically inertia-less due to 
the fact that very small masses are involved in the produc- 
tion of the piezo-electric voltage, the triggering action can 
be made almost instantaneous by proper design of the 
triggering circuit. 

Referring to the drawings, 6 designates a projectile of 
the armor-piercing type containing a main charge adapted 
to be exploded by a detonating charge 14, mounted in a 
housing 13 in the base of the projectile. Detonating 
charge 14 is adapted to be exploded by a spark at spark 
gap 24. Spark gap 24 is grounded at one contact and is 
connected at the other contact to a pivotally mounted 
armature 18. Armature 18 is biased to a position of con- 
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tact with a contact. point 26 by. a tension. spring 25 con- 


‘nected to an insulating.sleeve 40 around armature -18 -and 


to housing 13, but-is- normally held in:open.circuit posi- 


‘tion by-a-projection 16 on a rearwardly -movable -slide 


:member-21. Spark gap:24 is also normally-short-circuited 
by the contact’ of projection 16 with armature 18, When 
member 21 moves rearwardly -upon firing, armature 18 
makes contact with contact point -26 -whereby -the -spark 
gap is connected by conductor 7, which extends -through 
an insulating sleeve- $, through-the-body-of. the .projectile 
to piezo-electric trigger. member. 2, : 

Piezo-electric member -2 comprises -a pair of 45 ° cut 
Rochelle-salt crystal ‘slabs mounted .so ‘that compression 
on the top.and bottom -faces produce like charges :at-the 


-inner vertical faces-of :one polarity, and-like charges -at 


the outer vertical faces of the other polarity. ‘The. inner 
vertical faces are in intimate contact with a: common 
median electrode .23 and the outer -vertical -faces -are 


“provided with intimately contacting face -electrodes 22. 


The electrodes may be of -gold plating, silver .plating -Or 
any ‘other: suitable -metallic material, or may be -solid 
metal electrodes. A $ 

The -median electrode. 23-is connected. to-conductor 7, 


-as-shown in Fig. 2 and. the outer face. electrodes 22 are 
-grounded.to-the metal partition 4 forming part. of the -body 
-of the -projectile. 


Nose ‘1 of the’ projectile is, provided 
with:an-appropriate recess which receives-the.top:portions 
of the crystal slabs.and.is secured so.as-to-eliminate . all 
longitudinal looseness of: said .slabs. -A -free -margin ‘is 


provided- between median.electrode 23.and the outer sur- 


faces of the-crystal-slabs.as shown in Fig..2, to prevent-the 


-crystals-from -being. short-circuited, 


Conductor 7 is made.as short as possible.and the élec- 


trodes -22-and 23-may be:likewise designed. for-minimum 


crystal shunt.capacitance. The total -crystal shunt capaci- 
tance should -be:-made as «small: as possible.-in- order to- 


-provide a voltage wave-of. maximum steepness. in:the trig- 
gering -circuit connected to spark gap 24. “This-is neces- 


sary-in order to:minimize the.time-lag bétween.impact and 


-detonation. 


It will be:apparent.that impact of nose.1 with the target, 


‘Which is. instantaneously ‘communicated ‘to crystal mem- 


ber 2, will result in a substantial piezo-electric: voltage 
being generated at electrodes 22 and-23, which will “be al- 
most insfantly “transferred (where. the circuit has ‘been 
properly designed for minimum shunt capacitance) to 
spark gap 24. The spark at gap 24 will explode detonat- 
ing charge 14 causing the main charge to be set off. 

For best results, the leakage resistance of the circuit 
must be high and the series resistance of the conductors 
must be low. Inductance should be also minimized to 
make the discharge as non-reactive as possible, so that 
maximum spark energy is dissipated in a very short period 
of time. 

The mass of the nose 1 and the mass of the crystal ele- 
ment 2 are insufficient to produce substantial distortion of 
the crystal element as a result of firing reaction, so that 
the voltage at spark gap 24 is insufficient to detonate 
the charge when the projectile is launched. 

Although the foregoing embodiment of this invention 
discloses the piezo-electric element as actuated by direct 
impact of the nose of the projectile with the target, said 
piezo-electric element may, if desired, be actuated by an 
inertia element placed behind the Piezo-electric element 
and adapted to deliver its momentum thereto when the 
projectile strikes its target. In this case, the piezo-elec- 
tric element may be located at the base of the projectile 
adjacent the spark gap element. This arrangement in- 
troduces a slight time lag, which is required in order that 
the inertia element transfer its momentum to the piezo- 
electric element, but this is somewhat compensated for in 
that the electrical connections may be materially short- 
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ened, yielding a more instantaneous spark upon com- 
-pression of the piezo-electric element. age 

Safety in handling is provided by a safety pine 30 which 
normally extends. through the projectile and engages a 
shoulder or slide member 24 to hold said slide member in 
forward position whereby the spark gap is short circuited 
and the energizing circuit therefor is open-circuited. 
When the projectile is ready to be fired, safety pin 30 is 
pulled out. The set-back caused by firing the projectile 
moves slide member 21 rearwardly and releases armature 
18, thus preparing the energizing circuit for producing a 
spark across spark gap 24 when nose portion 1 strikes 
the target. , 

Although a specific embodiment of the invention has 
been disclosed in the foregoing description, it will be 
understood that various modifications within the spirit of 
the invention will occur to those skilled in the art. There- 
fore it is intended that no limitations be placed on the 
invention other than as defined by the, scope of the ap- 
pended claims. 

What is claimed is: , 

1; A detonator for a projectile comprising a piezo 
electric element, a detonating charge, means for setting off 
said charge responsive to stressing 
element, and means responsive to impact of said projectile 
for stressing said piezo-electric element. 

2. A` detonator for a projectile comprising a piezo- 
electric element, a detonating charge mounted in the base 
of the projectile, means for setting off said charge respon- 
sive to stressing of said piezo-electric element, and means 
responsive, to impact of the forward portion of said pro- 
jectile for stressing said piezo-electric element. 
` 3, A detonator for a projectile comprising a piezo-elec- 
iric element mounted in a portion of the projectile, a 
detonating charge mounted in another portion of the pro- 
jectile, means. for setting off said charge responsive to 
stressing of said piezo-electric element, and means respon- 
sive to impact of said projectile for stressing said piezo- 
electric element whereby said charge is set off. 

4, -A detonator for a projectile comprising a piezo-elec- 
tric element mounted in a forward portion of the projec- 
‘tile, a detonating charge mounted in a rear portion of 
the ‘projectile, means for setting off said charge respon- 
sive to stressing of said piezo-electric element, and means 
responsive to impact 
tile for stressing said piezo-electric element whereby said 
charge is set off. 

5, A detonator 


for a projectile comprising a piezo- 
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electric element mounted in the projectile, a detonating 


. charge also mounted in the projectile, means for stressing 


said piezo-electric element responsive to impact of the 
projectile, spark gap means in the detonating charge, said 
piezo-electric element being electrically connected to said 
spark gap means and being adapted to produce a spark 
across the gap to set off the detonating charge when the 
piezo-electric element is stressed by impact of the projec- 
tile... ; 

6. A detonator for a projectile comprising a- piezo- 
electric element, mounted in the projectile, means for 
stressing said piezo-electric element responsive to impact 
of said projectile, a detonating charge located in the rear 
portion of said projectile, a spark gap positioned in said 
detonating charge, means electrically connected to said 
piezo-electric element and said spark gap for producing 
a spark across the gap when the piezo-electric element is 
stressed whereby to set off the detonating charge. 

7. A detonator for a projectile comprising a -piezo- 
electric element mounted in the forward portion of the 
projectile, means in the forward portion of the projectile 
for stressing the piezo-electric element responsive to im- 
pact of the forward portion of the projectile with a target, 
a detonating charge located in the rear portion of the 
projectile, a spark gap positioned in said detonating charge, 
means electrically connected to said piezo-electric element 
and ‘said: spark gap for producing a spark across the gap 
when the piezo-electric element is stressed whereby to 
set off the detonating charge. 

8. The structure of claim 7 and wherein the means for 
stressing the piezo-electric element comprises a nose mem- 
ber ‘secured to the projectile against which the forward 
portion of: the piezo-electric element is positioned and a 
supporting member positioned -against the rearward por- 
tion of the piezo-electric element, said supporting member 


“being rigidly secured to the body portion of the projec- 


tile. 
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